Introduction {#sec1-1}
============

The genus of *candida* includes 200 species, of which 30 species have been isolated from human infections, and this number is increasing.\[[@ref1]\] *Candida* is the normal flora of skin and the mucosal surfaces of the body such as the mouth, intestine, vagina, and respiratory system of human body. Under favorable conditions, it proliferates and creates pseudo hypha, capable of causing disease.

In most of the epidemiological studies, *Candida albicans* have been found to be the dominant source of superficial and systemic infections, other non-*C. albicans* species are emerging pathogens and can also colonize human mucocutaneous surfaces. Considering the host physiological conditions, having risk factors, underlying diseases, and taking antifungal drugs by the host, these microorganisms are capable contribute to infection.\[[@ref2]\] *Candida dubliniensis* is a newly diagnosed species very similar to *C. albicans* phenotypically and first discovered in the mouth of people with AIDS in 1995. Both forms a green colony in CHOROMagar Candida, also in serum, they produce germ tube, and in corn meal agar (CMA) or rice medium with Tween 80 and wheat flour agar (WFA) they produce chlamydoconidia. *C. dubliniensis* forms mycelium and chlamydoconidia in Pal\'s (sunflower seeds agar) (SFSA) and tobacco agar culture media; thus, these tests can be used to distinguish between both yeasts.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] In a review study conducted at American College of Pathologists, 1046 laboratory samples containing yeasts were sent to the different laboratories to identify the yeasts in the samples. About 39.4% of the laboratories correctly identified the pathogen species as *C. dubliniensis* and 42.6% of pathogen species, were wrongly identified as *C. albicans*. In the meantime, the 13 laboratories which used the molecular method diagnosed the agents. The best method for distinguishing these two species is, using of DNA sequencing techniques. DNA probe and the matrix-assisted laser desorption/ionization-time-of-flight methods, which are expensive compared to phenotypic methods.\[[@ref8]\] The use of restriction enzymes in the molecular method of polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) is not able to distinguish all yeast species.\[[@ref9]\] Using the duplex-PCR method with a pair of specific primers for *C. dubliniensis* was capable of identifying these organisms in the complex of both species.\[[@ref10]\] Recognition of opportunistic species in terms of the prevalence of multiple species in community, changing the physiological behavior and acquiring drug resistance, especially in societies where cancer is growing and organ transplantation is common, is very important.\[[@ref11][@ref12]\] Regarding the abundance of *C. albicans* species in infections and their similarity to *C. dubliniensis*, as well as the resistance of some species to antifungal drugs, it is important to identify these species in terms of rapid and accurate diagnosis and appropriate treatment and according to the different phenotypic and genotypic methods, the ones should be selected in a way, that is also cost-effective to differentiate between species.

Materials and Methods {#sec1-2}
=====================

From October 2016 to May 2017, the bronchoalveolar lavage (BAL) samples of 120 patients with the pulmonary disease were collected from the patients referring to the Al-Zahra Hospital, the largest referral center in Isfahan, Iran. After receiving patients^\'^ consent forms, and biography, the BAL sample was taken by a pulmonary physician, and a part of the sample was transferred immediately to mycological laboratory for direct examination and culture procedures. To find the amount of yeast colonies in the sample (CFU/mL), 100 μl of the sample was cultured on Sabouraud Dextrose Agar (SDA) (Biolife, Italy) and for microscopic observation the sample was centrifuged for 5 min with the speed of 3000 rpm and two smear was prepared from the sediment using Giemsa staining and 10% KOH. Of 120 BAL specimens, 59 samples (49.2%) showed yeast colonies on culture media, but according to the direct sample and colony count, 30 samples were considered to be normal flora and were not included in the study. Genotypic methods including PCR-RFLP, duplex-PCR, and sequencing of the amplified ribosomal region and the phenotypic methods were carried out on 29 yeast samples.

DNA extraction and polymerase chain reaction-restriction fragment length polymorphism method {#sec2-1}
--------------------------------------------------------------------------------------------

DNA of yeasts was extracted using boiling method.\[[@ref13]\] Afterward, a reaction with a total volume of 30 μl master mix was prepared as follows: the Premix (AMPLIQON, Denmark) 2 × 15 μl, 0.5 μl of each ITS1 and ITS4 Primers with a concentration of 25 μM, molecular grade water 12 μl and 2 μl DNA. The temperature cycles for amplification were initial denaturation at 95°C for 5 min, 35 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 45 s, extension at 72°C for 45 s) and final extension step at 72°C for 5 min. The PCR amplification of the ITS1-5.8S-ITS2 region in ribosomal DNA was carried out by forward (5'-TCCGTAGGTGAACCTGCGG-3') and reverse (5\'TCCTCCGCTTATTGATATGC-3') primers.\[[@ref14]\] 1% gel electrophoresis was used to observe the amplified bands. In PCR-RFLP method, a reaction with the volume of 15 μl containing *MspI* (EURx, Poland) restriction enzyme 0.5 μl, enzyme buffer 10 × 1.5 μl, molecular grade water 3 μl and 10 μl of PCR product were mixed and incubated at 37°C for 1 h and 30 min. A 1.5% agarose gel was used for electrophoresis.

Duplex-polymerase chain reaction method {#sec2-2}
---------------------------------------

Differentiation of *C. albicans* and *C. dubliniensis* isolates was performed by duplex PCR using primers targeting sequences in ITS-1 and ITS-2 regions of rDNA as described by Ahmad *et al*.\[[@ref10]\] The sequence of the primers used in the reaction was as follows: CALF (5′-TGGTAAGGCGGGATCGCTT-3′), CALR (5′-GGT CAAAGTTTGAAGATATAC) and CDUF (5′-AA ACTTGTCACGAGATTATTTTT), CDUR (5′-AAA GTTTGAAGAATAAAATGGC-3′). This method was implemented using a total volume of 15 μl for a reaction containing Premix (AMPLIQON, Denmark) 2 × 7.5 μl, 0.5 μl of each CALF, CALR, CDUF, and CDUR primers with a concentration of 20 μM, molecular grade water 4.5 μl, and DNA extracted 1 μl. The temperature cycles for amplification were as follows: initial denaturation step at 95°C for 5 min, followed by 35 cycles of denaturation at 94°C for 20 s, annealing at 60°C for 45 s, extension at 72°C for 30 s) and final extension step at 72°C for 5 min. 1% gel electrophoresis was used to detect the amplified bands.

Performing the sequencing of rDNA region of *Candida dubliniensis* isolates {#sec2-3}
---------------------------------------------------------------------------

The sequencing of rDNA was used to confirm the results of phenotypic (growth on SFSA culture media) and genotyping methods (the DNA pattern in Duplex-PCR).

The results of sequencing evaluated and compared using of NCBI BLAST searches against fungal sequences existing in DNA databases (<https://blast.ncbi.nlm.nih.gov/Blast.cgi>).

To find the growth ability rate of fresh colonies of yeasts, they were cultured on SDA, incubated at 45°C for 48 h. Furthermore, the morphological characteristics of the isolates on different culture media were separately evaluated.

Production of chlamydoconidia on three different culture media; corn meal agar with tween 80, wheat flour agar and sunflower seed agar {#sec2-4}
--------------------------------------------------------------------------------------------------------------------------------------

The medium of CMA (QUELAB, Canada) with 1% tween 80 was prepared according to the instructions with a pH of 6 ± 0.2. To prepare 1 l of WFA medium, 32 g of wheat flour and 12 g of agar is required as reported before.\[[@ref7]\] First, the wheat flour boiled in 500 ml of distilled water for 15 min, then the agar was boiled and added to the wheat flour, and the pH was adjusted to 5.5--6. The SFSA was prepared as reference, doing by Al Mosaid *et al*.\[[@ref3]\] In brief, 50 g of sunflower seeds were milled for 5 min and boiled with 1 l of distilled water for 30 min. Then, they were passed through the sterilized gas. Furthermore, 1 g of KH2po4, 1 g of glucose, 1 g of creatinine, and 15 g of agar were added, and the result was adjusted to 1 l culture media with pH 5.5. The fresh colonies were cultured on three mentioned media and incubated at 28°C, for 72 h, and production of chlamydoconidia was examined. For all phenotypic tests, negative control (*C. glabrata*) and positive controls (*C. albicans* and *C. dubliniensis*) were considered.

Results {#sec1-3}
=======

Following PCR amplification, the ITSI-5.8S-ITSII PCR products sizes were observed about 881 bp, 526 bp, 720 bp, 510 bp, 607 bp, and 537 bp in different isolates.\[[@ref9]\] Six restriction fragments were visualized and compared by 2% agarose gel electrophoresis after treating with *MspI* with fragment sizes as about (320,561 bp), (186,340 bp), (720 bp), (250, 260) (82, 155, 370 bp), and (239, 298 bp).\[[@ref9]\]

According to the amplification of target fragments, six species of Candida were identified \[[Figure 1](#F1){ref-type="fig"}\]. Discriminate between *C. albicans* and *C. dubliniensis* using duplex-PCR, displayed in [Figure 2](#F2){ref-type="fig"}.

![The left image shows the polymerase chain reaction product and the right image is the bands after adjacency with the MspI enzyme in various candida species isolated from the bronchoalveolar lavage samples. L is a marker of 100 bp. Bands number 1--6 are *Candida kefyr*, *Candida tropicalis*, *Candida guilliermondii*, *Candida krusei*, *Candida glabrata* and *Candida albicans* and N is negative control](ABR-7-66-g001){#F1}

![Duplex-polymerase chain reaction products: 1, 2, 4 were identified *Candida albicans* with 100 bp bands and number 3 *Candida dubliniensis* with 325 bp. Pa: Positive control (*Candida albicans*), Pd: Positive control (*Candida dubliniensis*) N: Negative control and L is a 100 bp marker](ABR-7-66-g002){#F2}

In the present study from the 29 studied BAL samples, 15 showed pseudohypha and blastoconidia in Giemsa staining and KOH preparation, meanwhile, in 14 rest BAL samples, no pseudohypha, but many blastoconidia were observed. Of 29 yeast samples, 17 isolates (58.6%) *C. albicans*/*dubliniensis* complex, 12 isolates (41.4%) of nonalbicans were identified. Furthermore, six samples were mixed and contained two different strains of Candida. In total, as shown in [Table 1](#T1){ref-type="table"}, seven different species of Candida were distinguished in BAL specimens as follows: *C. dubliniensis* two (5.6%), *C. albicans* 15 (42.9%), *C. glabrata* 10 (28.7%), *C. tropicalis* 2 (5.6%), *C. kefyr* 1 (2.9%), *C. krusei* 4 (11.4%), and *C. guilliermondii* one (2.9%). The growth rate of yeasts at 45°C on SDA and formation of chlamydoconidia structures on various culture media, including CMA with Tween 80, WFA and SFSA are presented in [Table 2](#T2){ref-type="table"}.

###### 

Demographic information and results of colony count and direct smear of yeasts isolated from patients with pulmonary symptoms

![](ABR-7-66-g003)

###### 

Differentiation of *Candida albicans* and *Candida dubliniensis* using genotypic and phenotypic methods

![](ABR-7-66-g004)

Discussion {#sec1-4}
==========

From the total of 120 BAL specimens, in 59 samples (49.2%) yeast colonies grew on SDA, which were considered to be normal flora, colonization, or infection. The BAL samples of 29 patients with qualified inclusion criteria included in the study. The most common predisposing factors in this research were pulmonary symptoms notably (asthma, cough, sputum, and hemoptysis) with the frequency of 26 (89.7%) patients. Of the 17 identified BAL Candida, the most frequent was the *C. albicans*/*dubliniensis* complex which was differentiated by genotypic and phenotypic methods. In two separate studies, *C. albicans*, showed the highest frequency in pulmonary samples of people with different risk factors or immunosuppressed and anatomical disease.\[[@ref15][@ref16]\] In the present study also *C. albicans* was the common fungus in the BAL samples of patients with pulmonary symptoms. It was demonstrated as pseudohypha and blastoconidia in direct smear of 15(51.7%) specimens with the mean of colony count of (42,000/mL) in the BAL samples. That is notable, the normal flora of the *C. albicans* colonies with colony count of \<10,000 colonies/ml of BAL and also no formation of pseudohypha and blastoconidia in direct smear is not accounted at this project.

In a study in Japan, which focused on cases of postmortem bronchopulmonary specimens, the frequency *Candida* was significantly higher (34.7%) than other organs.\[[@ref17]\] In a study was done in India on patients with pulmonary tuberculosis, *C. albicans* with the frequency of 50% was a dominant comparison to the other *Candida* species.\[[@ref15]\] In similar researches done in different regions of Iran on the BAL and the other pulmonary samples, the most prevalent organism isolated from cultivating BAL samples were *C. albicans* with different but about similar percent of the organism (33.3%), (39.4%), (35.3%).\[[@ref18][@ref19]\] Also in a study on colonization of respiratory fungi done in Babol and Sari, the most common isolated fungus was *Candida* (64.7%).\[[@ref20]\] However in the present study if we account all of the isolated *Candida* from the BAL samples, it was 59 (49.2%) and show this amount is less than in the center of Iran compared to the north. Candida is the normal flora of the mouth and it generally isolated from the sputum of 20%--50% of healthy individuals.\[[@ref21]\]

*C. dubliniensis* is a newly diagnosed species very similar to *C. albicans* phenotypically. It has a high prevalence in people with AIDS, and this frequency is increasing in people with other predisposing factors.\[[@ref22][@ref23][@ref24][@ref25][@ref26]\] Identification and differentiation of opportunistic yeasts in immunocompromised individuals and also the appearance of resistant isolates to antifungal drugs are particular importance in identifying these yeasts.\[[@ref27]\] Most of the studies done on the pulmonary specimens in the world and in Iran, did not mention about the differentiation of these two yeasts *C. albicans* and *C. dubliniensis* and have not mentioned anything about the colony count or observation of fungal elements in direct examination.

In the present study, two samples were confirmed to be *C. dubliniensis*, one was recognized in BAL sample of a 17-year-old girl with a history of accident and with no other predisposing factors and the other was recognized in a 84-year-old male with a history of prostate surgery due to prostate cancer and tobacco smoker. Therefore, we found *C. dubliniensis* in nonAIDS individuals, and it is important to differentiate it from the other yeast in nonAIDS patients. Although *Candida* are considered to be normal lung flora and do not have clinical diagnostic value except in biopsy specimens, however, due to the fact that all 29 isolates from the BAL sample in the present study were found to be highly abundant colonies in culture (more than 10,000/mL of BAL) and also observation of pseudohypha and blastoconidia or just abundant blastoconidia in direct smears cannot be ignored with the presence of this yeast population in the lung. Even if this yeast population been colonized or formed biofilm in the lung, we prepossessed to the pulmonary physicians to this point because of the presence of *Candida* mycelium are considered to be pathogenic in biopsy specimens.\[[@ref28]\] Of course, the invasiveness method of the biopsy specimen should also be considered. As in candidal vaginitis or other candida infections, observing the pseudohypha and blastoconidia in the specimens suggests a vaginal candidiasis and causes complications and symptoms, such as itching and burning and sometimes even allergic symptoms the abundant presence of these fungal elements in BAL samples should not be ignored.\[[@ref29][@ref30]\]

According to Morrell *et al*., delay in diagnosis and treatment of invasive candidiasis is considered a risk factor for mortality.\[[@ref31]\] To perform diagnostic tests, the specificity of the tests should also be considered. In a study done on 58 diabetic patients and 48 control groups using PCR-RFLP despite using *Msp1* and *HinfI* out of the 32 isolated *Candida* spp. in DM patients, 25 (43.1%) were identified as *Candida albicans*, whereas *C. dubliniensis*, was not isolated from any of the study groups. *Msp1* restriction enzyme cannot differentiate the two species so using this enzymes not specific to discriminates *C. dubliniensis* from the other species.\[[@ref32]\] Of course, there are other molecular tests such as multiplex-PCR, nested-PCR, real-time PCR, etc., which are not cost-effective due to the expensive materials and devices they need.\[[@ref33][@ref34]\]

Phenotypic methods such as producing chlamydoconidia on the CMA with tween 80, WFA and SFSA medium, sugar assimilation and fermentation tests, germ tube production, have different cost and accuracy for differentiation of the yeasts.\[[@ref6]\]

In Sullivan\'s study the formation of chlamydoconidia, was induced on rice agar and this medium was able to differentiate *C. albicans* from *C. dubliniensis*.\[[@ref35]\] In Pal\'s Agar medium all of 128 *C. dubliniensis* isolates produced a hyphal fringe with rough colonies. In contrast, none of the 124 *C. albicans* isolates tested produced soft colonies with hyphal fringe and none of them produced chlamydospores on Pal\'s agar, whereas 120 of 128 of the *C. dubliniensis* isolates tested (93.75%) produced chlamydospores within 48--72 h.\[[@ref3]\] According to this study, all 15 isolates of *C. albicans* produced soft milky colonies on SFSA culture media, and both of *C. dubliniensis* formed rough milky colonies with chained chlamydoconidia \[[Figure 3](#F3){ref-type="fig"}\].

![Chlamydoconidia formation of *Candida dubliniensis*. (a) On sunflower seeds agar medium, (b) On wheat flour agar medium ×400](ABR-7-66-g005){#F3}

Contrary to other studies that indicate that *C. dubliniensis* does not grow at a temperature of 45°C, both isolates of *C. dubliniensis* showed slight growth on the SDA medium at 45°C after 48 h., but all of 15 *C. albicans* and also the other mentioned none-albicans isolates at the present study grew well on the SDA medium at 45°C after 48 h.

Cereals such as wheat, corn, and rice are rich carbon and due to the abundance of this element in the body of yeasts, this factor is essential for the growth of microorganisms, including *Candida*.\[[@ref36]\] In addition to the biochemical composition of the culture medium, the temperature, pH, and the physiology of microorganisms are also important in consuming the material from the environment. Therefore, the composition of the medium can change the conditions of the growth of a particular species and create special morphological structures, such as the production of chlamydoconidia or the creation of hyphae in the *candida* species. The two WFA and CMA with Tween 80 culture media exhibited the same specificity and sensitivity in the differentiation of the *C. albicans*/*dubliniensis* complex. It should be noted that the WFA medium for the first time in this study has been applied to this number of yeasts (29 isolates) detected from the clinical specimens. WFA without adding the Tween 80, is quite doing similar to the CMA medium with the Tween 80, which is cheaper and easier to use than the commercial CMA Tween 80 medium.\[[@ref37]\] In general, it can be concluded that each isolate has particular conditions that respond differently depending on its growth environment and should be considered in the experiments. *C. dubliniensis* species are more resistant to fluconazole because these isolates are usually detected from the specimens of AIDS patients who have received fluconazole treatment. However in general, according to numerous studies, and considering all aspects whether the infection is sporadic or epidemic, it can be said that determining the species in cases of an epidemic of the disease is much more important than the sporadic ones.\[[@ref8]\] Filamentous growth is an essential virulence trait of the human pathogenic yeasts within the genus *Candida*, and the greater propensity of *C. albicans* to form hyphae has been proposed to account for the greater virulence of this species relative *C. dubliniensis*.\[[@ref38]\] Analysis of *C. dubliniensis* blastoconidia in the stomach and kidney of infected mice revealed that they grow predominantly in the yeast phase, whereas *C. albicans* could be recovered in both the yeast and hyphal phases.\[[@ref39]\]

Conclusion {#sec1-5}
==========

By conducting chlamydoconidia tests on CMA tween 80 and WFA media, the *C. albicans*/*dubliniensis* complex can be distinguished from other *Candida* species. The SFSA medium was completely consistent with the duplex-PCR molecular test, and it was possible to differentiate between the two species of *C. albicans* and *C. dubliniensis*. Also, the temperature of 45°C did not completely differentiate between the two species of *C. albicans* and *C. dubliniensis*, but to some extent, it has been helpful. Therefore, it is not possible to determine the definite identity of microorganism by applying just a single method.
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